Abstract. This paper presents a classification of Cellular Automata rules based on its properties at the nth iteration. Elaborate computer program has been designed to get the nth iteration for arbitrary 1-D or 2-D CA rules. Studies indicate that the figures at some particular iteration might be helpful for some specific application. The hardware circuit implementation can be done using opto-electronic components [1] [2] [3] [4] [5] [6] [7] .
Introduction
The wide range of applications of Cellular Automata (CA) [8] [9] [10] [11] [12] [13] [14] [15] [16] used in various fields like Computer Science, Physics, Biology, Chemistry, Mathematics, Social Science and Engineering etc. has raised curiosity to examine the structure of the set of CA rules in a more systematic way. A CA is an idealized parallel processing machine consisting of a number of cells containing some cell values called states together with an updating rule. A cell value is updated based on this updating rule, which involves the cell value as well as other cell values in a particular neighborhood. The CA is completely defined with the help of following 5 parameters. 1. Number of States 2. Size of Neighborhood 3. Length of the CA 4. Guiding Rules (Uniform or hybrid) and 5. Number of times the evolution takes These 5-parameters affect the number of CA rules. General formulae for computing Number of CA rules by changing different parameters as shown in Table- 1. 
The number of uniform CA rules increases astronomically with the increase in neighborhoods as shown in Table- With this background the current research work has been undertaken as outlined next. Here, we have tried to classify all the CA rules on the basis of their properties and we propose a new method of classification different from the way Wolfram [9] classified all the CA rules based on its space-time diagram. In this paper our objective is to design an automatic classifier based on the properties of the snapshot obtained by the CA rules in the n th evolution. This is same as evaluating each individual contestant (CA rule) in a competition based on its present performance rather than it's past.
At present the optical computation is more advantageous because of its faster operational speed with huge volume of data. There is a fundamental difference between optics and electronics -electron being Fermions are mutually interactive while photon being Boson such interactions are to be employed in an indirect manner.
Again due to this non-interaction characteristics of photon, communication of stream of data in 1-D and 2-D images is possible. Thus our implementations in 1-D and 2-D CA can be fruitfully done using opto-electronics devices.
The organization of the paper is as follows. Section 2 discusses the review of earlier works. Classification of 512 linear rules based on the pattern observed in the n th iteration is given section 3. It can be found in section 4 that all the 512 linear CA rules can be classified based on the discrete and continuous nature of the generated patterns obtained in the n th iteration. Experimental evidence for both the classifications given in section 3 and section 4 are mentioned in section 5. Finally a conclusion is drawn in section 6.
Review of the earlier works
In 2-D Nine Neighborhood CA the next state of a particular cell is affected by the current state of itself and eight cells in its nearest neighborhood also referred as Moore neighborhood as shown in Figure-1 . Such dependencies are accounted by various rules. For the sake of simplicity, in this section we take into consideration only the linear rules, i.e. the rules, which can be realized by EX-OR operation only. A specific rule convention that is adopted here is as follows [8] :
Considering the nearest neighbor concept of 2-D Cellular Automata (CA) there are 9 variables to be taken under consideration as shown: The middle cell marked '1' is the cell under consideration. In 2-D Cellular Automata, the state of the cell under consideration depends upon its own state and the state of its neighboring cells. Now each of the cells can be taken as a variable and thus for 2-D cellular Automata there are 9 variable to be considered. The number of linear rules can be realized by EX-OR operation only. The number of such rules generated by a combination of these 9-variables is 9 C 0 + 9 C 1 + . . . + 9 C 9 =512 which includes rules characterizing no dependency. Now, these 512 linear rules have been previously classified by taking into account the number of cells under consideration. The grouping has been Group-N for N=1, 2…. 9, includes the rules that refer to the dependency of current cell on the N neighboring cells amongst top, bottom, left, right, top-left, top-right, bottom-left, bottom-right and itself. Similarly rules belonging to other groups have been obtained. It can be noted that number of 1's present in the binary sequence of a rule is same as its group number.
A New insight separate from S. Wolfram's Work
There is a significant paradigm shift between our approach and the Wolfram's approach. In the space-time diagram of 1-D CA after finite number of iterations, Wolfram took into account the patterns generated for each iteration and visualized it in a 2-D plane. This when extended to the 2-D domain results in the stacking of each of the plane figures generated in successive iterations one on top of the other to give rise to a three-dimensional figure, which shows a nested structure. Now, Wolfram classified the one-dimensional CA rules based on their complexity. For that he took into account the behavior of the rules in all the steps till the n th iteration starting from the seed value.
But, we will try and classify the CA rules based on the behavior of the rule in the n th iteration. Next section gives an example based on this type of classification.
Classification of 512 linear CA rules based on the patterns obtained in the n th iteration
Now our goal was to try and classify 512 rules into different groups. First we studied the patterns being generated for a given seed for all the rules iterating it for a fixed number of times. We first considered an 80X80 matrix with the Null boundaries. For our experiment we chose a single initial seed and its location was fixed at (40, 40). We then applied each 2-D CA linear rule separately on the initial seed till n= (2 k -1) number of iterations, where k is an integer. The patterns generated in this way produces different plane figures such as a point, a straight line, a triangle, a quadrilateral, a pentagon or a hexagon. We classified the rules on the basis of these generated patterns. The entire classification for n=15 is shown in Table 4 . 11, 13, 14, 19, 21, 22, 25, 26, 28, 29, 30, 37, 38, 39, 41, 42, 43, 44, 49,  50, 51, 52, 56, 60, 67, 70, 73, 76, 77, 81, 82, 84, 85, 88, 92, 93, 97, 98, 99,  100, 101, 104, 116, 117, 120, 124, 125, 131, 133, 134, 138, 140, 141, 145,  146, 148, 149, 153, 156, 157, 161, 162, 163, 164, 165, 168, 176, 180, 193,  194, 196, 197, 200, 201, 208, 224, 240, 259, 263, 265, 266, 267, 268, 270,  274, 276, 277, 278, 279, 280, 281, 284, 285, 286, 287, 289, 290, 291, 292,  293, 294, 295, 296, 297, 304, 308, 309, 310, 311, 321, 322, 324, 325, 326,  327, 328, 329, 336, 337, 352, 360, 368, 369, 385, 386, 388, 390, 392, 393 It may be noted from [14] , that CA rules may also be classified on the basis of their capacities in producing multiple similar figures.
In the above table each pattern is generated for a fixed seed by the application of the CA rules on each cell in the Matrix for n iterations. Let us consider for example how the pattern for rule 21 is generated. For rule 21, the cells under consideration are highlighted as shown in Fig2. On applying this rule on an initial seed at (40, 40) yields the above figure 3 at the 15 th iteration.
4 Classification of 512 linear CA rules based on the discrete and continuous nature of the generated patterns obtained in the n th iteration Now, the patterns generated for each of the 512 linear 2-D CA rules can be grouped as discrete or continuous based on the nature of the pattern generated. A pattern is termed continuous if in the space-time diagram there exists a continuous path from one vertex to another. Else, it is termed as discrete. Based on this, the previous classification, as obtained in [14] can be further sub-classified as Discrete or Continuous.
The classification for n= 15 is given in Table 5 . 
